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[OBJECT] 

NH4-N in wastewater which contains an organic 
compound which contains and joins NH4-N in 
high concentration and inhibits nitrification 
reaction is removed efficiently. 

[SUMMARY OF THE INVENTION] 

Several reactors 1 and 21 which have a 
fjuidized bed are arranged serially. 
Activated charcoal 3 is filled into the fluidized 
bed 2 of the first reactor 1, and ion exchanger 
23 is filled into the fluidized bed 22 of the 
subsequent reactor 21 . 

Seeding of the microorganism liquid mixture 
containing nitrifying bacteria is carried out. 
The wastewater which contains an organic 
compound and ammoniacal nitrogen after that 
circulates around each of reactors 1 and 21. 
In each of reactors 1 and 21 , the nitrification of 
the wastewater is carried out under aerobic 
conditions. 
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1. 31 — KiGX 
Z. 82 — *SflE 

a 

6. 2& - - 

i 2 jr-/f—7a-W 

as -f^ysn&t* 

1, 21 — Reactor 
2,22 — Fluidized bed 

3 Activated carbon 

8, 28 — Diffuser 
12 — Overflow pipe 
23 Ion exchanger 



[CLAIMS] 



[ft*«l] 



[CLAIM 1J 

A biological water-treatment method of the 
ammoniacal-nitrogen containing wastewater, in 
which several reactors which have a fluidized 
bed are arranged serially, and activated 
charcoal with absorption capacity with respect 
to an organic compound is filled as a material 
which forms a fluidized bed to the first reactor. 
To a subsequent reactor, a material with ion- 
exchange ability with respect to ammoniacal 
nitrogen is filled as a material which forms a 
fluidized bed. 

After carrying out the seeding of the 
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microorganism liquid mixture which contains 
nitrifying bacteria in the fluidized bed of each 
reactor, organic compounds and wastewater 
which contain ammoniacal nitrogen circulate 
around to each reactor. 

In each reactor, the nitrification of the 
wastewater is carried out on aerobic conditions. 



[DETAILED DESCRIPTION OF INVENTION] 
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[INDUSTRIAL APPLICATION] 

This invention relates to the water-treatment 
method of wastewater which contains NH4-N 
(ammoniacal nitrogen) in high concentration, 
such as sewage. 

Specifically, it is related with the biological 
water-treatment method of the ammoniacal- 
nitrogen containing wastewater which removes 
NH4-N in the wastewater which joins and 
contains the organic compound which inhibits 
the nitrification reaction. 

[0002] 
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[PRIOR ART] 

Conventionally, as the biological water- 
treatment method of the wastewater which 
contains NH4-N (ammoniacal nitrogen) in high 
concentration, there are some which were 
described in Unexamined-Japanese-Patent No. 
6-106182 gazette, for example. 
This water-treatment method arranges a pair of 
reactors serially, fills materials, such as zeolite 
which has ion-exchange ability, in each reactor 
to NH4-N, and forms a fluidized bed, carries out 
seeding of the microorganisms which contain 
nitrifying bacteria in the material which forms 
this fluidized bed, and processes the 
wastewater containing NH4-N multi-stages in 
order in each reactor. 
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[0003] 

According to this method, in the 1st set, a 
material with ion-exchange ability absorbs 
NH4-N in a nearly saturated state, and an ion 
exchanger is reproduced while removing NH4-N 
by nitrification reaction. 

In the 2nd set, the reproduction by adsorption 
and nitrification reaction of NH4-N is performed 
like the 1st set. 

However, NH4-N is reduced in the 2nd set of 
inlet ports. 

Therefore, allowances are in the NH4-N 
absorption capacity of an ion exchanger. 
Thus, also when the wastewater containing high 
concentrated NH4-N is made to be the object, 
after once absorbing NH4-N by the ion 
exchanger, nitrification reaction progresses. 
Therefore, even if NH4-N exists in high 
concentration, a nitrification can be processed 
stably. 
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[PROBLEM ADDRESSED] 

However, in said conventional composition, 
when organic compounds (DOC; soluble 
organic carbon etc.) are not included in raw 
water, the nitrification of the NH4-N can be 
biologically carried out to N03-N (nitrate j 
nitrogen) efficiently. 
However, when wastewater (for example, 
waste-gas scrubber waste-water of a sludge 
drying machine etc.) which contain an organic 
compound is made to be the object, the 
nitrification inhibition expected based on the 
dissolved organic compound at the 1st set 
occurs, it is admitted that the 1st set of 
nitrification reaction reduces remarkably, and if 
the organic compound itself decreases in the 
1st set, the nitrification of NH4-N can be 
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performed efficiently in the 2nd set. 



[0005] 

Thus, when the material which inhibits 
nitrification, such as an organic compound, was 
contained in raw water, there was a problem in 
which the effectiveness of the biological water 
treatment of the overall system decreases. 
This invention solves said problem. 
It aims at providing the biological water- 
treatment method of the ammoniacal-nitrogen 
containing wastewater which removes 
efficiently NH4-N in the wastewater which 
contains the organic compound which contains 
and joins NH4-N in high concentration, and 
inhibits nitrification reaction. 



[0006] 



[SOLUTION OF THE INVENTION] 

In order to solve said subject, the biological 
water-treatment method of the ammoniacal- 
nitrogen containing wastewater of this 
invention, several reactors which have a 
fluidized bed are arranged serially, the activated 
charcoal with the absorption capacity with 
respect to an organic compound is filled as a 
material which forms a fluidized bed to the first 
reactor. 

As a material which forms a fluidized bed to a 
subsequent reactor, a material with ion- 
exchange ability with respect to an ammoniaca! 
nitrogen is filled, and after carrying out the 
seeding of the microorganisms iiquid mixture 
which contains a nitrifying bacteria in the 
fluidized bed of each reactor, organic 
compounds and wastewater which contain an 
ammoniacal nitrogen are circulated to each 
reactor. 

It is made to be the composition which carries 
out the nitrification of wastewater on aerobic 
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conditions in each reactor. 
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[EFFECT] 

According to said composition, the first reactor 
is in the state where a nitrifying bacteria and 
organic substance decomposing bacteria are 
made to adhere to the activated charcoaLw hich 
forms a fluidized bed, and are made to carry out 
culturing. 

Since the activated charcoal is a porous 
material which has countless micropores, it 
holds microorganisms with high density. 
And, the activated charcoal absorbs-and- 
removes the organic compound which inhibits 
nitrification among the containing materials in a 
wastewater by absorption capacity. 

[0008] 

For this reason, it proceeds in the first reactor, 
without the nitrification reaction by the nitrifying 
bacteria that adheres to the activated charcoal 
being inhibited by the organic compound. 
And, organic substance decomposing bacteria 
carries out the oxidative-degradation removal of 
the organic compound absorbed to the 
activated charcoal in order, and reproduces the 
absorption capacity of the activated charcoal. 
Therefore, the activated charcoal functions as a 
biological-activity charcoal, and the 
breakthrough phenomenon of an adsorption 
that depends on saturation is not seen. 

[0009] 

In a subsequent reactor, it is in the state of 
making it adhere to the material which forms a 
fluidized bed, in other words, the material which 
has ion-exchange ability, and carrying out 
culturing of the nitrifying bacteria. 
And, the wastewater that circulates to the 
subsequent reactor already removed the 
organic compound in the first reactor. 
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For this reason, the material which has ion- 
exchange ability in a subsequent reactor 
absorbs ammoniacal nitrogen, and carries out 
the nitrification of this absorbed ammoniacal 
nitrogen with nitrifying bacteria. 
Therefore, nitrification speed increases. 
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[Example] 

Hereafter, one Example of this invention is 
explained based on a drawing. 
A biological water treating unit arranges some 
reactors serially. 

It is explained this Example by showing a pair of 
reactors. 

However, the group number of a reactor can be 
established suitably. 



[0012] 

In FIG. 1, the biological water treating unit 
arranges serially 1st reactor 1 with which 
processing is located initially, and 2nd 
subsequent reactor 21, and each of reactors 1 
and 21 have fluidized beds 2 and 22 inside. 
Filling the activated charcoal 3 which has 
absorption capacity with respect to an organic 
compound to the fluidized bed 2 of 1st reactor 
1 , to the fluidized bed 22 of 2nd reactor 21 , the 
ion exchangers 23, such as a zeolite, a zeolite, 
and an ion exchange resin, are filled as a 
material with the ion-exchange ability with 
respect to an ammoniacal nitrogen. 
The top area and bottom part of each reactor 1 
and 21 are connected, the circulation pipelines 
4 and 24 are provided, and circulation pumps 5 
and 25 are interposed in the middle of the 
circulation pipelines 4 and 24. 
The periphery of each of reactors 1 and 21 is 
the deco!ated__exterior in the outer-cylinder 
jackets 6 and 26, and in the outer-cylinder 
jackets 6 and 26, it is constructed so that the 
adjusted water which carried out the 
temperature control by constant temperature 
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baths 7 and 27 may circulate. 

DifFusers 8 and 28 are distributed in the top area 

of each of reactors 1 and 21, and the 

compressor 11 is connected to each of diffusers 

8 and 28 through the supplied-air branched 

pipes 9 and 29 and an air pipe 10. 

The top area connects both reactors 1 and 21 

through an overflow pipe 12 mutually, and the 

overflow pipe 13 provided at 2nd reactor 21 

removes treated water. 

However, in the case of stilt providing a reactor 
in multi-stages, it connects to a subsequent 
reactor. 

In the middle of the circulation pipeline 4 of 1st 
reactor 1, the water tank 14 for seeding is 
connected. 

In the water tank 14 for seeding, the 
microorganisms liquid mixture containing the 
nitrifying bacteria cultivated beforehand 
separately is stored. 

And, the raw-water supply pipe 15 is connected 
to the middle of the circulation pipeline 4 of 1st 
reactor 1 , a base end is connected to the raw- 
water supply pipe 15 to the raw-water storage 
tank 16, and it interposes the raw-water feed 
pump 17 on the way. 



[0013] 

Hereafter, the function in said composition is 
explained. 

In all the processes of treatment, it is desirable 
for the reaction temperature in reactors 1 and 
21 to be stable, and if necessary in order to set 
a fixed reaction temperature, the water flow of 
the adjusted water which carried out 
temperature control at a constant temperature 
is carried out to the outer-cylinder jackets 6 and 
26 from a constant temperature bath 7, and the 
water temperature in each reactor 1 and 21 is 
maintained uniformly. 
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[0014] 

At first, in order to perform the seeding of the 
microorganisms containing a nitrifying bacteria, 
while supplying the microorganisms liquid 
mixture stored in the water tank 14 for seeding 
to 1st reactor 1 through the circulation pipeline 
4, 2nd reactor is supplied through an overflow 
pipe 12. 

At this time, the aeration of the gas for aeration 
containing the air or oxygen supplied from 
compressor 11 to each of diffusers 8 and 28 
through air pipe 10 and supplied-air branched 
pipes 9 and 29 is carried out to the liquid 
mixture in a tank of each of reactors 1 and 21 
from diffusers 8 and 28, and the inside of each 
reactor 1 and 21 is maintained by the aerobic 
environment. 

And, each of circulation pumps 5 and 25 are 
actuated, the liquid mixture in the tanks of 
reactors 1, 21 flows upward, pointing from the 
bottom part toward the top area, to fluidized 
beds 2 and 22, liquid mixture in the tank of the 
top area is circulated through the bottom part of 
reactors 1 and 21, passing through the 
circulation pipelines 4 and 24. 
Microorganisms are made to adhere to the 
activated charcoal 3 or ion exchanger 23 of 
each of fluidized beds 2 and 22. 



[0015] 

In this state, while supplying wastewater 
containing wastewater stored in raw-water 
storage tank 16, in other words organic 
compounds and ammoniacal nitrogen, to 
circulation pipeline 4 of 1st reactor 1 through 
raw-water supply pipe 15 with raw water 
conveying pump 17 t it is made to circulate from 
1st reactor 1 through overflow pipe 12 to 2nd 
reactor 21 . 

In each of reactors 1 and 21, nitrification of 
wastewater is carried out under aerobic 
conditions. 
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After a running for a suitable period, 1st reactor 
1 is in the state of making a nitrifying bacteria 
and organic substance decomposing bacteria 
adhere to the activated charcoal 3 which forms 
a fluidized bed 2, and they carry out culturing. 
Since the activated charcoal 3 is a porous 
material which has a countless micro pore, it 
holds microorganisms with high density. 
And, the activated charcoal 3 absorbs-and- 
removes the organic compound which inhibits 
nitrification among the materials contained in 
wastewater by absorption capacity. 

[0017] 

For this reason, in 1st reactor 1, depending on 
the nitrifying bacteria adhered to activated 
charcoal 3, it proceeds, without nitrification 
reaction being inhibited by the organic 
compound, and the concentration of NH4-N in 
wastewater decreases. 

And, organic substance decomposing bacteria 
carries out the oxidative-degradation removal of 
the organic compound absorbed to the 
activated charcoal 3 in order, and reproduces 
the absorption capacity of the activated 
charcoal 3. 

Therefore, the activated charcoal 3 functions as 
biological-activity charcoal, and the 
breakthrough phenomenon depending on 
adsorptions saturation is not seen. 

[0018] 

In 2nd reactor 21 , it is in the state of adhering to 
material which forms fluidized bed 22, in other 
words, ion exchanger 23. and carrying out 
culturing of the nitrifying bacteria. 
And, the wastewater that circulates to 2nd 
reactor 21 already moved the organic 
compound in 1st reactor 1. 



[0019] 

For this reason, in 2nd reactor 21 , the organic 
compound which inhibits nitrification exists only 
in low concentration, and by the ion-exchange 
ability of zeolite etc. which forms ion exchanger 
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23, nH4-N is absorbed, and nitrification of this 
absorbed NH4-N is carried out by the nitrifying 
bacteria. 

Therefore, nitrification speed increases. 



[0020] 

Below, an example experiment which shows the 
effect of this invention is explained. 

(Experiment 1) 

The conventional composition apparatus 
composition that serves as a contrast of a 
comparison. 

Apparatus specification like the composition 
shown in FIG. 1. 

*1st, 2nd reactor shape internal diameter 100 
mm 

* direct tower-part quantity 1000 mm 

* effective content volume (depth of water of 
900 mm) 71 filler (fluid bed of both sides of 1st. 
2nd reactor) particle size 0.3 - 0.5 mm synthetic 
zeolite 1kg / tower operating method. 

The water quality of the waste-gas scrubber 
waste-water raw water of raw-water sewage- 
sludge drying machine with the same object as 
the operating method described previously. 

NH4-N 100-450 mq/l 



300 to 2500 mg/l of BODs 
DOC 110-900 mg/l 
PH 8.5-9.0 
Average water temperature 
28 degrees-Celsius 



4 -N©fcyij&&£75l-fc©-e 



Rate of flow 16 I /day 

FIG. 2 shows the process resuiis of NH4-N in 

said experiment. 

The activated sludge with which nitrification 
reaction is accepted is puied into a reactor, and 
the water quality analysis after a culture is 
shown. 
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[0021] 

As shown in FIG. 2, (Before or after NH4-N 200 
mg/l) As opposed to a raw water, to raw water of 
about 200 mg/l of NH4-N, the nitrification rate of 
the reactor the first tower was bad, and finally 
became about 20 to 80 mg/l by the second 
tower. 

The average nitrification speed at this time was 
about 1 .5 mg-N/g-zeolite * day. 
This organic compound contained as BOD or 
DOC (soluble organic carbon) acts on 
nitrification reaction as a certain inhibition and a 
suppression factor, and makes nitrification 
speed in the reactor of the first tower drop 
remarkably. 

It can be said that the entire efficiency is lost 
(Experiment 2) 

Component composition of this Example 

Specification of the apparatus of the 
composition shown in FIG. 1 

1st, 2nd reactor shape internal diameter 200 
mm 

* direct tower-part quantity 1500 mm 

* effective content volume 47I filler fluid bed 
particle size 0.9 - 1.1 mm activated carbon 7kg, 
2nd reactor fluid bed particle size 0.3 - 0.5 mm 
natural zeolite 20kg operating method. 

Water type of the waste-gas scrubber waste- 
water raw water of the drying machine of the 
sewage sludge of the raw water of the same 
object as the operating method which was 
described previously 



1 0O-600 mg/l T-N (average of 



NH4rN 
220 mg/l) 

T-N 1 1 0-650 mg/l (average of 230 mg/l) 
BOD 250 to 3000 mg/l (average of 650 
mg/l) 

100 to 1100 mg/l (average of 320 mg/l) of 

DOC(s) 

PH 8.5-9.0 
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mg/l (¥*&650mg/l ) 
DOC 100 ~1100 

mg/1 320mg/l ) 
pH 8.5 ~9.0 

28 °C 

fitM 6 l/h (RUN 

1), 10 l/h (RUN 2) 

4O0t/4>f)l OO0(D 
^{iM«ft^6 l/h (RUN 

1) a, m» 10 l/h (RUN 

2) fcA«f«:*>tf-t»feLfc. 

[0 0 2 2] 

H3t'^-r<t RUNIC 

:fc^-a:±j£7fc c f I <£>NH 4 -N« 

RfS*l::#U #J4mgN/g • 
Ac*d WNH< -NAi^tfcc 

»ictti7ktf>NH< -N«£tt»5£ 
20mg/l WT£#£&#ft*&Jl 

a*#*»-e#fc. 2^g 
w&swcttfaftfcNH, -n-c* 

10mg/l BlTfcAff"C*>ofc#» 
Affi LTH: 1*8 
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[00 2 3] 

RUN2lCi3V^Ttt, S£*ftfir 
fc±tfTSME«rfTofc 0 



Average water temperature 28 
degrees-Celsius 

Rate of flow 6 l/h (RUN1), 10 l/h 

(RUN2) 

FIG. 3 shows the process results of NH4-N in 
said experiment 

The raw-water rate of flow was set to 6 l/h 
(RUN1), after that, the load was increased to 
101/ h (RUN2), and was run. 



[0022] 

In RUN1, the NH4-N concentration in raw water 
and the organic substance concentration are 
fluctuated as shown in FIG. 3. 
However, it was the NH4-N load of 
approximately (4 mgN/g*Ac*d) to the reaction 
vessel which filled the activated carbon of the 
first tower. 

Even in this condition, compared with the result 
of Experiment 1, nitrification reaction 
progressed quickly even with respect to the 
same wastewater containing a nitrification 
inhibitor, and the concentration of the NH4-N of 
the first tower effluent showed the favorable 
process results used as about 20 mg/l or less, 
and has confirmed the effect of the method of 
this invention. 

The NH4-N concentration of the 1st tower 
effluent shows a favorable process result of 
about 20 mg/l or less, and the effect of the 
method of this invention has been confirmed. 
In addition, the treated water of the 2nd tower 
was as favorable as 10 mg/l or less at any 
NH4-N. 

However, as a load, by the first tower, since 
most was finished, it is already low. 

[0023] 

In RUN2, it ran by increasing the rate-of-flow 
load. 

Consequently, NH4-N came to remain in the 



03/01/31 



15/21 



(C) DERWENT 



0'2/12/03 WED 10:50 FAX 7033055433 



GP 1700 FAX MACHINE 



12)017 



JP8-71592-A 



OKti^tctK NH 4 -N|&£ 
5. lmgN/g-Ac-d^i:iiJ 
zkliRUNl 



THOIVISON 

»— H j ft 1 " «* 

DERWEISIT 

effluent from the reactor of the first tower. 
However, nitrification speed of the first tower 
from the perspective of the NH4-N removal 
amount showed about 5.1 mgN/g*Ac*d and 
high effectiveness. 

The treated water of the second tower showed 
favorable results like RUN1. 



[0 0 2 41 



[0024] 



mitt 2>z\b'<z£ *) mm&tt 



[EFFECT OF THE INVENTION] 

As stated above, while the activated charcoal 
holds microorganisms with high density in the 
first reactor according to this invention, the 
organic compounds in wastewater are absorb- 
and-removed according to absorption capacity. 
Therefore, it proceeds without nitrification 
reaction by the nitrifying bacteria being inhibited 
by the organic compound, and because the 
absorption capacity of activated carbon is 
reproduced by the oxidative-degradation 
removal of the organic compound by the 
organic substance decomposing bacteria, 
activated carbon functions as biological-activity 
charcoal, and the breakthrough phenomenon 
depending on adsorption saturation does not 
occur. 

And, the wastewater that circulates to the 
subsequent reactor already removed the 
organic compound in the first reactor. 
Therefore, without receiving inhibition by the 
organic compound, the material which has ion- 
exchange ability absorbs an ammoniacal 
nitrogen, nitrification speed increases by 
nitrifying this absorbed ammoniacal nitrogen by 
nitrifying bacteria. 



[BRIEF EXPLANATION OF DRAWINGS] 



mi] 



[FIO.1] 

It is the entire block diagram of the biological 
water treating unit of this invention. 
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[FIG.2] 

It is the process results figure which shows the 
daily change of the NH4-N concentration in 
Experiment 1. 

[FIG.3] 

It is the process results figure which shows the 
daily change of the NH4-N concentration in 
Experiment 2. 

[EXPLANATION OF DRAWING] 

1 21 

2 22 
3 

8 28 
12 
23 



Reactor 

Fluid bed 
Activated carbon 

Diffuser 
Overflow pipe 
Ion exchanger 
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1,21— Reactor 
2,22 — Fluid ized bed 

3 Activated carbon 

8, 28 — Diffuser 

12 Overflow pipe 

23 Ion exchanger 

[13 2] [FIG.21 
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Top right: Raw water, 1st tower effluent, 2 nd tower effluent 
Vertical axis: NH4-N Concentration 
Horizontal axis: Days passed 



[113] 



[FIG.3] 



mg/i 
500 




Top: Amount of treated water 6 l/h, Amount of treated water 1 0 l/h 
Top right: Raw water, First tower effluent, Second tower effluent 
Vertical axis: NH4-N concentration 
Horizontal axis: Days passed 
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